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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


EXPERIMENTAL STATIC AERODYNAMIC FORCES AND 
MOMENTS AT HIGH SUBSONIC SPEEDS ON A MISSILE MODEL DURING 
SIMULATED LAUNCHING FROM THE MIDSEMISPAN LOCATION OF A 
45° SWEPTBACK WING-FUSELAGE -FYIDN COMBINATION 
By William J. Alford, Jr., and Thomas J. King, Jr. 

SUMMARY 


An investigation was made at high subsonic speeds in the Langley 
high-speed J- by 10 -foot tunnel to determine the static aerodynamic 
forces and moments on a missile model during simulated launching from 
the midseanispan location of a 45° sweptback wing-fuselage -pylon combi- 
nation. The results indicated significant variations in all the aero- 
dynamic components with changes in chordwise location of the missile. 
Increasing the angle, pf attack caused increases in the induced effects 
on the missile model because of the wing-fuselage-pylon combination. 
Increasing the Mach number had little effect on the variations of the 
missile aerodynamic characteristics with angle of attack except ^bhat 
nonlinearities were incurred at smaller angles of attack for the higher 
Mach numbers. The effects of finite wing thickness on the missile 
characteristics , at zero angle of attack, increase with increasing Mach 
number. The effects*- of the pylon on the missile characteristics were 
to cause increases in the rolling -moment variation with angle of attack 
and a negative displacement of the pitching-moment curves at zero angle 
of attack. The effects of skewing the missile in the lateral direction 
relative to and sideslipping the missile with the ving-fuselage-pylon 
combination were to cause additional increments in side force at zero 
angle of attack. For the missile yawing moments the effects of c hang es 
in skew or sideslip angles were qualitatively as would be expected from 
consideration of the isolated missile characteristics, although there 
existed differences in the yawing -moment magnitudes. 


INTRODUCTION 


The National Advisory Committee for Aeronautics is conducting inves- 
tigations to determine the nature and origin of the mutual interference 
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effects experienced "by various combinations of wing -fuselage models and 
externally carried aerial missiles. Previous investigations (refs. 1 
to 5) have shown the existence of these generally objectionable effects , 
and references 1 and 2 have shown that they are primarily due, at low 
speed, to the nonuniform flow field generated in the vicinity of the 
airplane. The severity of these induced effects on the force and moment 
characteristics of a canard missile model, at high subsonic speeds, has 
been reported in reference 6. 

The purpose of the present paper is to present the results of an 
experimental investigation made at high subsonic speeds to determine the 
static aerodynamic forces and moments on a missile model during simulated 
launching from the midsemispan location of a i5° sweptback wing-fuselage 
combination. The effects of skewing the missile relative to and side- 
slipping the miBsile with the wing- fuselage-pylon combination and the 
effects of removing the pylon are included for several chordwise loca- 
tions. In order to expedite publication of these data, only a limited 
analysis is presented. 


SYMBOIS 


Cm 

c Y 

C n 

c z 


C L,A 


<L 

V 

Sm 


missile normal-force coefficient. 


Normal force 

q-Sm _ 


missile pitching-moment coefficient, Pitching jncment 

q®m c m 


missile side-force coefficient. 


Side force 
qSm 


missile yawing-moment coefficient, - 

qSujbja 


missile rolling-moment coefficient, 


Rolling moment 


wing-fuselage lift coefficient, 

qp A 

free-stream dynamic pressure, Ib/sq. ft 
free-stream velocity, ft/sec 

exposed missile wing area of two panels, O.OI67 sq ft 
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k 


%* 


^m 

b 


c 


c m 

°A 


x 


y 

z 


wing area, 2.25 sq ft 

span of missile wings, O .256 ft 

span of wing-fuselage combination, ft 
local wing chord of airplane model, ft 

mean aerodynamic chord of exposed missile wing area, 0.114- ft 
mean aerodynamic chord of airplane wing, 0.822 ft 
chord of pylon, in. 

chordwise distance from leading edge of local wing chord to 
missile center of gravity (positive rearward), ft 

spanwise distance from fuselage center line to missile center 
line (positive to right), ft 

vertical distance from wing chord plane to missile center 
line (positive up), ft 

unsupported length of missile support sting (fig. l), ft 


a angle of attack relative to free-stream direction, deg 

(3^ angle of sideslip relative to free-stream direction, deg 

angle of lateral skew of missile relative to fuselage center 
line, deg 

M Mach number 

Subscripts: 

A airplane model 

m missile model 


MODEIS AND APPARATUS 

'ft 

The wing of the wing -fuselage combination (fig. l) used as the test 
vehicle had a quarter-chord sweepback of 45°> an aspect ratio of 4.0, 
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a taper ratio of 0.3, and NACA 65 AOO 6 airfoil sections parallel to the 
fuselage center line. The fuselage (with ordinates given in table I) 
consisted of an ogival nose section, a cylindrical center section, and 
a truncated tail cone. The missile model used in this investigation 
employed an inline cruciform arrangement of .its wing and tail, with a 
fuselage that consisted of an ogival nose and cylindrical aftersection, 
and is shown in figures 1 and 2 as part of the test setup. Details of 
the missile model are shown in figure 3- The pylon used in this inves- 
tigation had an elliptic nose section, a flat center section, and a 
straight tapered trailing edge. The ordinates of the pylon are given 
in table II. 

The missile was internally instrumented with a five-component strain- 
gage balance and was supported from the rear of the wing-fuselage combi- 
nation by a sting that was adjustable in the longitudinal, lateral, and 
vertical planes. The support sting also had a pivot that allowed the 
missile to be skewed relative to the airplane model. The missile center 
line was located at the midsemispan station of the wing -fuselage combi- 
nation and was translated through a range of chordwise locations. For 
several of the chordwise locations the pylon was removed. 


TESTS 


The tests were made In the Langley high-speed 7 - by 10-foot tunnel 
at Mach numbers of 0.60, 0.80, 0.90, and 0.94 with the corresponding 

Reynolds number varying from 3-3 X 10^ to 3-8 X 10^ per foot of a typical 
dimension. The variation of average Reynolds number with test Mach num- 
ber Is presented in figure 4. All tests were made through an angle-of- 
attack range which was restricted by the load limit of the strain-gage 
balance and, therefore, varied with the loading measured for each Mach 
number and location of the missile. The tests were made with the missile 
model under the left wing of the wing-fuselage combination, and the 
directions of positive angles and forces and moments are as shown In 
figure 5* The missile model was skewed ±4° relative to the unsideslipped 
airplane for one series of tests, and in another series of tests the 
complete configuration (airplane-missile configuration) was sideslipped 
±4° relative to the free-stream direction. 


CORRECTIONS AND ACCURACY 


Blocking corrections applied to Mach number and dynamic pressure 
were determined by the method of reference 7- Jet-boundary corrections 
applied to the angle of attack were calculated by the method of refer- 
ence 8. 



NACA RM L56J05 


5 



Corrections have been applied to the missile angle of attack to 
account for the deflection of both the main sting used to support the 
entire wing-fuselage-missile configuration and the missile support sting 
and balance (figs . 1 and 2 ) . The variation of the corrected angle of 
attack of the wing-fuselage combination with reference angle of attack 
due to the main-support-sting deflection when under load and due to jet- 
boundary considerations is presented in figure 6 . The variation in 
missile angle of attack due to the deflection of the missile sting and 
balance combination is presented in figure 7 , and a list of the missile 
sting lengths for the various chordwise locations investigated is pre- 
sented in table III. Because of the flexibility characteristics of the 
missile sting and balance combination, the missile angle of attack is 
slightly different from the angle of attack of the wing-fuselage combi- 
nation and, hence, there is some degree of incidence between the two. 

A study of the deflection characteristics of the two sting-support systems 
indicated that the maximum angle of incidence existing between the missile 
and the wing-fuselage combination was approximately 1.9°. The magnitude 
of the angle of incidence may be determined for any chordwise location 
from the data presented in figure 7 and table TTT along with the aero- 
dynamic force and moment data of the missile. 

Wo corrections have been applied to the missile skew angle or to 
the vertical or lateral locations due to the deflections of the missile 
sting and balance. A calibration of these deflections has been made 
and the results are presented in figure 7 - 

A study of the missile-model strain-gage-balance calibrations and 
general repeatability of the test data indicated that the accuracy levels 
of the various force and moment coefficients are approximately as follows: 


Component 

Accuracy 

°N 

± 0.05 

Cm 

±.05 

°r 

1+ 

b 

\ji 

Cn 

±.05 

Cl 

+.01 


RESULTS AND DISCUSSION 


In analyzing the force and moment characteristics of the missile 
model It should be kept in mind that the missile was located beneath 
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the left wing of the wing-fuselage-pylon combination and that the posi- 
tive direction of angles and forces and moments are as shown in figure 5* 

% 

The aerodynamic characteristics of the isolated missile model and 
the effects of a support used to restrain the skew-angle pivot incorpo- 
rated in the missile sting (fig. l) on the isolated missile character- 
istics are presented in figure 8. Although breakdown„tests of the 
isolated missile were not obtained in the present investigation, this 
information may be obtained from reference '9- The aerodynamic character- 
istics of the missile model when in the proximity of the wing-fuselage- 
pylon combination, at zero sideslip, are presented as a function of 
angle of attack for a number of Mach numbers and longitudinal locations 
in figure 9* The aerodynamic forces and moments of the missile model 
when in the proximity of the wing-fuselage combination (pylon removed), 
at zero sideslip, are presented in figure 10. The aerodynamic character- 
istics of the missile when skewed ±4° relative to and sideslipped ±4° 
with the wing-fuselage -pylon combination are presented in figures 11 
to 13. The lift characteristics of the isolated wing-fuselage combina- 
tion are presented in figure 14 for orientation. 

The results of tare tests made in the clear tunnel (wing-fuselage 
combination removed) to evaluate the interference effects of the lateral 
sting support (fig. l) upon the isolated missile aerodynamic character- * 

is tics indicated that these interference effects were negligible for the 
most rearward position of the .missile (corresponding to x/c = 0.50). 

The interference effects of the lateral sting support upon the wing- 5 

fuselage flow fields and their corresponding effects upon the missile 
characteristics have not been specifically determined. It 1 b presumed, 
however, that, since the lateral sting support had negligible effect 
upon the missile aerodynamic characteristics in the clear tunnel. It 
would have even smaller effect when in the presence of the wing-fuselage 
combination inasmuch as it would experiences, smaller effective angle 
of attack because of the downwash induced by the wing fuselage. 

The effects of a support used to restrain the skew angle pivot 
incorporated in the missile sting (fig. l) are seen from figure 8 to 
have little effect on the missile normal force and pitching moments 
except at the higher Mach numbers where some nonlinearity Is incurred 
in the slopes of the pitching -moment curves through zero angle of attack. 

The effects of the support on the remaining components were negligible. 

The effects of varying the chordwise location of the missile rela- 
tive to the leading edge of the local wing chord when the missile was 
in the proximity of the wing-fuselage-pylon 'combination (fig. 9) were 
to cause significant variations In all of the aerodynamic components. 

For the most extreme chordwise location tested (x/c = -1.11 In _ * 

fig. 9 (l) )> the missile forces and moments are the least affected by 
the presence of the wing-fuselage-pylon combination although they are 




NACA EM L56J05 


7 


< * M ^juM 1 iisi!ii®33Si; * ^ 


still influenced "by its presence, since the force and moment levels 
have not returned to their free-stream values (fig. 8). This is con- 
sistent with the low-speed observations reported in reference 3 where 
the missile-model forces and moments did not tend to their free-stream 
levels until the model was translated 1.5 wing chord lengths ahead of 
the leading edge of the local wing chord. 

Increasing the angle of attack (fig. 9 ) causes increases in the 
induced effects on the missile because of the wing-fuselage-pylon combi- 
nation. This can be explained from references 1, 2, and 9 as being due 
to the increase in wing circulation strength which results in increases 
and expansions of the dcwnwash and sidewash angularity fields in con- 
junction with changes in the nonuniform dynamic-pressure field. 

Increasing the Mach number (fig. 9 ) had, in general, little effect 
on the variations of the missile aerodynamic characteristics with angle 
of attack, except that nonlinearities were incurred at smaller angles 
of attack for the higher Mach numbers. The f low-disturbance effects 
due to finite wing thickness increase with increasing Mach number as 
evidenced by the displacement of the missile force and moment curves at 
zero angle of attack (fig. 9 )* This result is in accord with theoretical 
predictions of the effects of Mach number on the flow-field character- 
istics at zero lift (ref. 10 ). 

The effect of the pylon on the missile forces and moments is seen, 
from a comparison of figures 9 sod 10, to occur primarily in the rolling 
and pitching moments for the more rearward missile locations (figs. 9(b), 
9(d), 10(a), and 10(b)) in that the rolling-moment variations with angle 
of attack are increased considerably and the pitching moments at zero 
angle of attack are increased negatively. As the missile is moved for- 
ward (figs. 9(g) and 10(c)), the effects of the pylon are negligible. 

At all the chordwise positions investigated, the pylon had negligible 
effect on the remaining force and moment components which is consistent 
with the observations of the low-speed investigation reported in refer- 
ence 3 * In reference 3 , surprise was expressed at the lack of pylon 
effect on the missile side forces and yawing moments. Caution was, 
therefore, advised in utilizing the low-speed information at higher 
speeds since it had been established by reference 11 that the pylon was 
capable of large induction effects on the side-force variations with 
angle of attack for unfinned external stores. The results of the present 
investigation thus appear to relax, throughout the Mach number range 
tested, the caution mentioned in reference 3, since it must be presumed 
that the position of the missile wings and fins relative to the pylon 
must blanket, or otherwise cancel, the lateral-flow effects due to the 
wing. (See ref. 10.) 

The effects of skewing the missile relative to the wing-fuselage- 
pylon combination (figB. ll(a) and (b), 12(a) and (b), and 13(a) and (b)) 
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and the effects of sideslipping the complete configuration (wing- 
fuselage -pylon-missile combination in figs. ll(c) and (d) , 12(c) and 
(d), and 13(c) and (d)) were, in general, qualitatively similar with 
the most significant changes occurring in the missile side force and 
yawing moments. The most noteworthy effect on the side-force character- 
istics appears in the incremental changes at zero angle of attack with__ 
changes in the skew and sideslip angles with these increments being 
approximately the same as would be expected from consideration of the 
isolated missile characteristics (fig. 8, with the proper sign changes). 
For the yawing moments, the effects of varying the skew or sideslip 
angles are, in general, qualitatively as would be expected from consid- 
eration of the isolated missile characteristics (fig. 8, with the proper 
changes in the nondimens ionali zing parameters and signs) in that for a 
given chordwise location and angle of attack a negative value of the 
skew or sideslip angle produces a negative increment in the yawing moment 
and a positive value of the angle produces a positive increment. The 
magnitude of the yawing-moment increments with the skew or sideslip 
angles is not, however, generally the same as indicated by the isolated 
missile aerodynamic characteristics. This is presumed due to the non- 
uniform flow conditions generated by the wing-fuselage combination. 


CONCHJDING REMARKS 


The results of an experimental investigation made at high subsonic 
speeds to determine the static aerodynamic forces and moments on a mis- 
sile model during simulated launching from the midsemispan location of 
a 45 0 sweptback wing-fuselage combination indicate significant variations 
in all of the aerodynamic components with changes in chordwise location 
of the missile. Increasing the angle of attack caused increases in the 
induced effects on the missile model because of the wing -fuselage -pylon 
combination. Increasing the Mach number had little effect on the vari- 
ation with angle of attack of the missile aerodynamic characteristics, 
except that nonlinearities were incurred at smaller angles of attack 
for the higher Mach numbers. The effects of “finite wing thickness on 
the missile aerodynamic characteristics, at zero angle of attack, increase 
with increasing Mach number. The effects of the pylon on the missile 
characteristics were to cause increases In the rolling-moment variation 
with angle of attack and a negative displacement of the pitching-moment 
curves at zero angle of attack. 

The effects of skewing the missile relative to and sideslipping the 
missile with the wing-fuselage-pylon combination were to cause additional 
increments in side force at zero angle of attack. For the missile yawing 



2Z 


NACA BM L56J05 


9 


moments, the effects of changes in skew or sideslip angles were qualita- 
tively as would he expected frbm consideration of the isolated missile 
characteristics, although there existed differences in the yawing -moment 
magnitudes . 


Langley Aeronautical Laboratory, 

. National Advisory Committee for Aeronautics , 
Langley Field, Va., September 18, 1956. 
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TABLE I.- FUSELAGE ORDINATES 


. 54.72 


17.50 in. 



13.45 in. 


Ordinates , in. 

Station 

Radius 

0 

0 

2.00 

•53 

4.00 

1.00 

6.00 

1.44 

8.00 

1.80 

10.00 

2.07 

12.00 

2.30 

14.00 

2.42 

16.00 

2.47 

17.50 

2.50 

41.27 

2.50 

43.27 

2.42 

45.27 

2.35 

47.27 

2.25 

48.30 

2.14 

54.72 

1.65' 


« 


V 



Ir 
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TABLE II.- PYLON ORDINATES 


.20cp 



Ordinates , percent chord 


X 

± y 

0 

0 

2.5 

1.45 

5.0 

2.00 

15.0 

2.90 

20.0 

5.00 

75.0 

5.00 


Straight taper 




E. radius 
.OOL Cp 
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TABLE III.- MISSILE STING LENGTHS 


Missile center-of-gravity 
location, 
x/c 

Unsupported J3ting 
length, i s /c A 

(b> 

(a) 

1.91 

0.50 

1.24 

.29 

1.44 

.13 

1.58 

-.10 

1-79 

-.25 

1.01 

-.44 

1.08 

-.58 

1.31 

-.74 

1-35 

-1.11 

I.69 


a lsolated missile. 

^or the missile center-of -gravity locations 
x/c = -0.25 to x/c = -1.11, the missile sting was 
clamped to the pylon of the wing -fuselage-pylon 
c omb ination . 









-Lateral sting 
support 


- Misslls skew-angle pivot 


Wing Geometry Of Swept Wing - Fuselage Model 


Area 

Aspect ratio 
Taper ratio 
Tip chord 
Root chord 


225 sgft 
400 
030 
4.15 in 
1335 


Streomwbe oirfoi! station NACA 65A006 


Moment reference center 



Details of skew-angle pivot support 


m 



Figure 1.- Three -view drawing of wing-fuselage combination with missile 
model installed. All distensions are in inches except where noted. 
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Figure 2 .- Photograph of typical test setup. 
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Mw ordinates, 
inches 

x m 

r 

n 

n 

.500 

082 

tooo 

.153 

1.500 

.214 

2000 

.264 

2.500 

.302 

JUUU 

.33 i 

3.500 

.348 

4050 

.355 


203 

Wing 



^ 0059 


034 


~1 
109 

< %iA 1 - 

'~^.~ 634 ° -^ 0.033 





Figure 3>- Drawing of missile model. All linear dimennl nrm In -Innhfic 



Reynolds number, per foot 
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Figure 4.- Variation of average Reynolds number with test Mach number. 
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Longitud inal plane 



Lateral plane 



Figure 5*- Positive directions 


of forces and moments as measured on the 
missile. 



a corrected i^eg 
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Figure 6.- Variation of corrected angle of attack of wing-fuselage modeT 

with reference angle of attack. 
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Figure J.- Deflection characteristics of sting-balance combination. 
Angular deflections are in degrees. 
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o Support on 

a Support off 



a, deg 

Figure 8.- Aerodynamic forces and moments of the isolated missile. 
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10 15 20 

a, deg 


a,deg 


(a) x/c = 0.50. 

Figure 9-- Missile aerodynamic forces and moments in the presence of the 
wing-fuselage -pylon combination for various Mach numbers and chordwise 
locations, z/c = -0.l6j = 0°; (3 a = 0°. 
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(c) x/c = O.IJ. 
Figure 9 *- Continued. 
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5 10 15 20 

a, deg 


(d) x/c = -0.10. 


Figure 9.- Continued. 
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(e) x/c = -0.25. 
Figure 9>- Continued. 
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(a) x/c = 0.29* 

Figure 10.- Missile aerodynamic characteristics in the presence of the 
wing-fuselage combination for various Mach numbers and chordwise 
locations (pylon removed), z/c = -0.l6; j3 m = 0°; Pa * ° 0> 
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(b) x/c = -0.10. 
Figure 10.- Continued. 







Figure 10.- Concluded. 
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(a) p m = -k° } p A - °°- 

Figure 11.- Effects of sideslip on the missile aerodynamic character- 
istics in the presence of the wing-fuselage -pylon combination for 
various Mach numbers, z/c = -0.l6; x/c = 0.29* 
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Figure 11.- Continued. 
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(a) p m = -4°; p A = 0°. 


Figure 12.- Effects of sideslip on the missile aerodynamic forces and 
moments in the presence of the wing-fuselage -pylon combination for 
various Mach numbers, z/c = -0.l6; x/c = -0.10. 
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Figure 12.- Continued. 
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(d) p A = 4°; = 0°. 

Figure 12.- Concluded. 
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Figure 13- - Effect of sideslip on the missile aerodynamic forces and 
moments in the presence of the wing-fuselage-pylon combination at 
various Mach numbers, z/c = -0.l6: x/c = -0.58. 
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a, deg 


Figure 14 .- Lift characteristics of the isolated w ing -fuselage combination. 



NACA - Langley Field, V». 


